ABSTRACT OBJECTIVES This study examined the impact of early mitral inflow velocity-to-early diastolic strain rate (E/SRe) ratio on long-term outcome after aortic valve replacement (AVR) in aortic stenosis (AS).
RESULTS LVEF was lower (53 AE 7% vs. 56 AE 7%, respectively; p ¼ 0.03) and a restrictive filling pattern more common (28% vs. 8%, respectively, p ¼ 0.005) in patients with increased E/SRe ratio. Five-year overall mortality was increased in patients with high E/SRe (40% vs. 15%, respectively; p ¼ 0.007). In univariate Cox regression analysis, E/SRe, age, European System for Cardiac Operative Risk Evaluation (EuroSCORE), LV mass index, left atrial volume index, LVEF, global longitudinal strain, E/e 0 ratio, and N-terminal pro-B-type natriuretic peptide level were univariate predictors of overall mortality, although when we adjusted for the predefined variables age, history of diabetes mellitus and LVEF, only E/SRe and left atrial volume index remained associated with overall mortality. Even when we included left atrial volume index in the multivariate model, E/SRe was significantly associated with overall mortality (hazard ratio active LV relaxation, which will cause LV diastolic dysfunction, increased filling pressure, and worsening prognosis (1) (2) (3) . A cornerstone in assessing diastolic function and estimating filling pressure noninvasively is assessment of the early diastolic mitral inflow velocity-to-early diastolic velocity of the mitral annulus (E/e 0 ) ratio (3, 4) . Recent studies, however, have raised some important concerns about the E/e 0 ratio (4-6), some of which are related to angle dependency and the effect of passive tethering of e 0 .
Measurement of the early mitral inflow velocity-to-early diastolic strain rate (E/SRe) ratio has recently been proposed as a novel marker of elevated LV filling pressure (7, 8) .
The potential advantage of this marker is that the regional early velocity of diastolic deformation (strain rate) more accurately reflects diastolic performance of all myocardial segments. Moreover, based on 2-dimensional (2D) speckle tracking echocardiography, diastolic deformation is less depending on insonation angle. In a recent paper, the E/SRe ratio was superior to E/e 0 in predicting cardiovascular events among patients with myocardial infarction (9) .
Whether this also is the case among patients with AS is not known. We thus hypothesized that E/SRe would be associated with adverse outcome after aortic valve replacement (AVR) among patients with severe symptomatic AS and that the E/SRe ratio would provide incremental information to E/e 0 .
METHODS
The present investigation was a post-hoc analysis of a prospective, single-center, randomized study conducted to evaluate the effect of candesartan in addition to conventional treatment on reverse remodelling in consecutive patients undergoing AVR
FIGURE 1 Example of Measurement of E/SRe
Measurements are shown of early mitral inflow velocity (E) using pulse-wave Doppler and early diastolic strain rate (SRe) from 2D speckle tracking. AVC ¼ aortic valve closure. Dahl et al. Values are mean AE SD, n (%), or median (interquartile range).
Strain Imaging in Aortic Stenosis
BSA ¼ body surface area; CABG ¼ coronary artery bypass graft; NYHA ¼ New York Heart Association.
Dahl et al. whereas NT-proBNP concentration was logarithm transformed. Correlations were obtained using the Spearman rank test. Mortality rates were calculated using the product limit method and plotted according to the Kaplan-Meier method; rates were compared using the log-rank test. Further estimation of risk was performed using Cox proportional hazard models. All 
RESULTS
Of 125 patients included, the E/SRe ratio was obtainable in 121 patients (97%). In 4 patients >3 segments
were not possible to analyze and were thus excluded.
Median E/SRe was 0.93 (IQR: 0.74 to 1.26). Intraobserver and interobserver mean differences and 95% limits of agreement for E/SRe were 0.05 AE 0.24 and 0.06 AE 0.27, respectively, compared to 1.0 AE 4.6 and 0.9 AE 6.6, respectively for E/e 0 (Online Figures 1 and 2 ).
Clinical characteristics of the groups divided according to E/SRe above and below this median are shown in Table 1 , and echocardiographic characteristics are shown in Table 2 . Clinical characteristics were similar in both groups, although logistic EuroSCORE was higher among patients with increased E/SRe (6.1 AE 4.5 vs. 4.7 AE 3.1, respectively; p ¼ 0.04).
Despite no differences in effective aortic valve area, the transvalvular velocity was higher among patients with increased E/SRe (4.1 AE 0.8 m/s vs. 3.7 AE 0.7 m/s, respectively; p ¼ 0.01) ( Table 2 ). E/SRe CLINICAL OUTCOME. The median follow-up duration for the total cohort was 5.0 years (IQR: 4.3 to 6.0 years). Death occurred in 37 patients (31%) due to a cardiac cause in 26 patients (n ¼ 15 sudden cardiac death, n ¼ 7 post-operative death, n ¼ 3 congestive heart failure, and n ¼ 1 aortic aneurysm) and a noncardiac cause in 11 patients (7 from cancer, 3 from infectious disease, and 1 from subarachnoid hemorrhage). All-cause and cardiac mortality rates were increased in patients with E/SRe greater than the median (estimated 5-year overall mortality of 40% vs. 15%, respectively, p ¼ 0.007, and an estimated 5-year cardiac mortality rate of 32% vs. 12%, respectively; p ¼ 0.01) ( Figure 3A) . Scatter plot shows the association between E/e 0 and E/SRe. Analysis revealed a significant correlation between these 2 parameters. E/e 0 ¼ early diastolic mitral inflow velocity-toearly diastolic velocity of the mitral annulus ratio; E/SRe ¼ early mitral inflow velocity-toearly diastolic strain rate ratio. In the subset of patients without LV hypertrophy, overall mortality was 37% and 14% (p ¼ 0.07) in the high-and low-E/SRe group, respectively. Similarly, in patients with LV hypertrophy, mortality was increased in the group of patients with high E/SRe (43% vs. 25% in the group with low E/SRe, p ¼ 0.11) ( Figure 5 ).
DISCUSSION
The main finding in the present study of patients with LVEF >40% undergoing AVR for severe AS is that the pre-operative early mitral inflow velocity-to-early HRadjusted/SD ¼ hazard ratio adjusted for 1 SD; other abbreviations are as in Table 1 . Recently the ratio of E/SRe has been proposed as a novel marker of elevated LV filling pressures (7, 8) .
The ratio was investigated in a large population with myocardial infarction, where Ersbøll et al. (9) demonstrated that E/SRe was superior to E/e 0 in predicting outcome. The present study extends this finding to patients with severe AS, where we demonstrated that E/SRe outperformed E/e 0 and NTproBNP. This may reflect that although e 0 correlates with the LV relaxation coefficient tau (19) , and the ratio of E/e 0 associates to LV filling pressures in AS (4), the association with tau in patients with normal LVEF is, at best, moderate (19) . Furthermore, tissue We demonstrated that the presence of increased filling pressures was associated with an increased mortality regardless of LV hypertrophy, and thus, it seems that filling pressure rather than the mechanism for increased filling pressures is the key prognostic factor. Finally, because E/SRe is associated with remodeling and filling pressure, we speculate that E/SRe could be used to monitor patients with ambiguous symptoms, to distinguish symptomatic from truly asymptomatic patients.
STUDY LIMITATIONS. The sample size was small, which makes our models unstable with a potential risk of overfitting the models. In addition this was a post hoc analysis, and the present study should only be considered hypothesis generating. Clearly, larger studies also including patients with depressed LVEF, are warranted. The entry criterion for the study was symptomatic AS referred for AVR. Thus, the applicability to asymptomatic patients is unknown. Future studies should be performed in asymptomatic patients to clarify whether our findings also apply to a general population with AS. E/SRe had a very good feasibility, but it was not possible in all patients. We have no data for mitral annular calcification or conduction abnormalities, a factor known to affect diastolic and systolic functions; data should therefore be interpreted cautiously.
LV structure was assessed by echocardiography, and no histologic examinations were performed; thus, we can only speculate on the degree of myocardial fibrosis.
CONCLUSIONS
The present study demonstrates that the pre-operative early mitral inflow velocity -to-early diastolic strain rate (E/SRe) ratio is significantly associated with long-term post-operative survival, with a nearly 3-fold increase in risk of mortality per unit, and is superior to the velocity-based E/e 0 ratio in patients with severe AS undergoing AVR. TRANSLATIONAL OUTLOOK: Future studies should be conducted in larger populations that include asymptomatic patients in order to assess whether the index ultimately could stratify risk in even asymptomatic patients who could benefit from early referral for valve replacement.
